Inherited disorders of mucopolysaccharides form a group of rare and grotesque diseases which can be considered under the general heading of 'gargoylism.' The proximate biochemical lesions in this group ofdisorders are as yet undetermined, but the diseases have in common a tendency to increased deposition of mucopolysaccharides in various tissues, and an increased urinary excretion of mucopolysaccharide.
The most striking of these disorders is the Hurler syndrome, inherited as an autosomal recessive, and affecting perhaps 1 in 10,000 births. The affected individuals have characteristically coarse features, thick skin folds, stiff joints, running nose, excess hair, skeletal deformities, mental defect, enlarged liver and spleen, and progressive clouding of the cornea. They die at an early age, usually of cardiovascular disease. Dermatan sulphate is excreted in excess in the urine (Fig. Ie) .
The Hunter syndrome is very similar, though the somatic afHiction is less severe and the affected individuals may live into middle age. This disorder is said to be inherited as a sex-.linked recessive; both chondroitin sulphate and .heparan sulphate are excreted in excess in the urine (Fig. Id) . In the Sanfhilippo syndrome, the somatic changes are minimal but mental defect is severe. Heparan sulphate is excreted in excess in the urine. In Morquio's syndrome, skeletal deformities predominate, and keratosulphate is found in excess in the urine. In Scheie's syndrome, the major afHiction is a progressive clouding of the cornea, and an increased urinary excretion of dermatan sulphate has been reported.
The clinical features of this rare group of diseases have been excellently reviewed by McKusick et al, (1965) , though there is still some disagreement about the precise abnormalities of mucopolysaccharide excretion in these cases.
A simple method of detecting excessive mucopolysaccharide excretion is based on the development of turbidity when cetylpyridinium chloride complexes with urinary mucopolysaccharide (Manley and Hawksworth, 1966) . Excessive urinary glycoprotein may interfere with this rough screening test, but is easily recongised by electrophoresis ofconcentrated urine on cellulose acetate, which in addition differentiates the various forms of gargoylism ( Fig. 1 ).
Mucopolysaccharides may play an important part in the pathogenesis of many other diseases, such as rheumatoid arthritis, acute rheumatism, amyloid, glomerulonephritis, diabetic glomerulosclerosis, and some forms of mental deficiency. The separation of the academic biochemists from clinical material has perhaps slowed progress along these lines, but here is a fertile field for the clinical biochemist.
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The mucopolysaccharides suffer from baffiling terminology and the analytical problems of preparing pure material from the welded amalgam of connective tissue. Recent work has shown, furthermore, that there is a covalent link existing between some of the heteropolysaccharides and a protein moiety, this covalent link involving the neutral sugars xylose and galactose.
Thus the problems of biosynthesis involve not only the mechanism of production of an alternating polymer of N acetyl hexosamine and D-glucuronic acid (in the case of hyaluronic acid and chondroitin sulphates A and C) but also consideration of these neutral sugar linkages and the possible implication of concurrent protein synthesis.
As far as the polysaccharide synthesis is concerned, once it was found that glucose was incorporated into glucosamine without ring scission, and that glutamine acted as amino donor, it remained for Leloir and Cardini (1953) to show that hexose phosphate + glutamine --., glucosamine 6-phosphate. Further work on this extremely unstable system has shown that fructose 6-phosphate is the hexose involved. An alternative pathway reported by Leloir (1956) which could have biosynthetic function involves the reverse coupling of a deamination reaction glucosamine 6-P--., fructose 6-P + NH 3 to some other reaction whose free energy change is large enough to overcome the unfavourable energetics of the first reaction. Such a coupling might be found in the acetylase reaction.
With the exception of heparin, all mucopolysaccharides possess acetylated hexosamines, and work by Brown (1955) has isolated from yeast a specific N-acetylase enzyme for glucosamine 6-P, producing NAcGm 6-P.
The classic work of Leloir on the role of UDPG and of Park on penicillin inhibited staphylococcus where uridine nucleotides accumulate, paved the way to an appreciation of the role nucleoside diphosphate sugars play in polysaccharide biosynthesis. Thus UDPNAcGm was found. Since UDPG is formed from G-I-P + UTP, it was reasonable to expect UDPNAcGm to be formed from NAcGm-l-P and UTP. A mutase and a pyrophosphorylase are required to accomplish these reactions from NAcGm-6-P and UTP. NAcGm-6-P~NAcGm-l-P+ UTP UDPNAcGm+UDP. Reissig in 1956 found the mutase in neurospora whilst Strominger (1959) purified the pyrophosphorylase from calf liver and staphylococcus.
The complexities of the hexosamine pathway, which furnishes half of the polysaccharide units, contrast with the simplicity of the uronic acid pathway. This is produced by a direct oxidation of UDPG--. UDPGA.
In the case of the sulphated polysaccharides, the mechanism of sulphate activation and transfer is now understood in outline. The activation reactions are ATP+SO/~APS+P"'P with a t.F of 11 Kcals and a SO/ group potential in adenosine phosphosulphate of 19 Kca1s, and APS+ATP--. PAPS + ADP.
Phosphoadenosine phosphosulphate then appears to donate its sulphate group to the preformed polymer chain, and not to form uridine diphosphosugar sulphates as was first believed.
The foregoing account furnishes a plausible scheme for the biosynthesis of the polymeric sugar components, but leaves the all important reaction in which these separate entities are polymerised, unanswered. It must be confessed that little information exists. to support or deny the two proposed mechanisms. In the first a nucleotide disaccharide is formed which then polymerises, whilst in the second a molecular knitting machine is envisaged (Markovitz et al, 1959) . It should be noted that nucleotide diphosphate sugars are linked glycosidically in the a position whereas most mucopolysaccharides possess alternating~1-3,~1-4 glycosidic links.
The perturbing features of experiments designed to show net MPS biosynthesis are (a) the extremely low radio-active incorporation achieved and (b) the error in according to autoradiographic studies with :asS_ sulphate uptake, the fact that biosynthesis of polymer has been achieved.
Nevertheless an important suggestion from autoradiographic work is that polymeric processing may take place in a spatially distinct part of the cell from hexosamine and glucuronic acid production. Perhaps as for plant cell wall production the polymerising process may be located in the Golgi complex.
Lastly work with such protein synthesis inhibitors as puromycin has shown that concurrent protein production is a prerequisite for chondroitin SUlphate-protein complex biosynthesis in cartilage. Thus the mechanism of control of mucopolysaccharide biosynthesis is elusive-{l) protein synthesis may be required, (2) enzymic feedback mechanisms probably from the uridine nucleotides on to the aminotransferase reaction of glutamine+F-6-P, may operate (3) additional factors such as hormones and vitamins have been demonstrated to play dramatic roles in regulating mucopolysaccharide synthesis.
